One of the challenges with initiating long-acting injectable (LAI) antipsychotic regimens is achieving relevant drug levels quickly. After first injection of the LAI antipsychotic aripiprazole lauroxil (AL), the lag to reaching relevant plasma aripiprazole levels was initially addressed using supplemental oral aripiprazole for 21 days. A 1-day AL initiation regimen using a NanoCrystal ® Dispersion formulation of AL (AL NCD ; Aristada Initio ® ) combined with a single 30 mg dose of oral aripiprazole has been developed as an alternative approach. We compared the 1-day AL initiation regimen (AL NCD þ 30 mg oral aripiprazole for 1 day) with the 21-day AL initiation regimen (AL þ 15 mg/day of oral aripiprazole for 21 days) using kinetic modeling. Observed and modeled data demonstrate that the 1-day AL initiation regimen provides continuous aripiprazole exposure comparable to the 21-day AL initiation regimen. Each component of the 1-day AL initiation regimen (30 mg oral aripiprazole, AL NCD , and AL) contributes to aripiprazole plasma levels at different times, with oral aripiprazole predominating in the first week, then AL NCD and AL over time. In a double-blind, placebo-controlled, phase 1 study in patients with schizophrenia, the 1-day initiation regimen resulted in rapid achievement of relevant plasma aripiprazole levels comparable to those from the 21-day initiation regimen. Safety and tolerability of the 1-day regimen were consistent with the known profile of aripiprazole. Each part of the 1-day initiation regimen, together with AL, is necessary for continuous aripiprazole exposure from treatment initiation until the next regularly scheduled AL injection is administered.
Introduction
Slow release is a fundamental feature of long-acting injectable (LAI) antipsychotics that allows continuous drug exposure between injections. 1 Drugs formulated for a slow rate of dissolution are released into plasma over an extended period and produce sustained plasma drug levels permitting dosing intervals from weeks to months. 2 However, the slow dissolution can also result in a significant delay in achieving plasma drug levels associated with symptom improvement when initiating some LAI antipsychotics. This delay has been addressed using one of two strategies: (1) "loading dose" approaches using initial injections delivered more frequently (e.g., weekly) than the dosing interval used for the maintenance dose or (2) prescribing an oral antipsychotic for bridging during the LAI initiation period. [3] [4] [5] Aripiprazole lauroxil (AL; Aristada ® ), a prodrug of aripiprazole, is an LAI antipsychotic approved for the treatment of schizophrenia in adults. 6 The AL formulation is an injectable suspension of micrometer-sized particles designed for slow dissolution (Figure 1 ). 7 The rate of dissolution, or release of the drug from the particles, allows for a dosing interval of up to 2 months. 8 But the same slow-release attribute of AL also means that it takes between 6 and 7 weeks for aripiprazole to reach peak plasma levels. 9 For other LAIs, this lag time has traditionally been addressed in one of two ways. A loading dose approach has been used for other LAI antipsychotic formulations (e.g., haloperidol decanoate, fluphenazine decanoate, and paliperidone palmitate); however, this approach would not work for AL because this lag time is independent of initial dosing strength and, therefore, would not appreciably change the time delay that occurs before the achievement of relevant aripiprazole levels. 10 Instead, a second option is used to address the lag time between the first AL injection and achievement of relevant plasma drug levels, which involves oral aripiprazole supplementation for the first 21 days with AL initiation.
Adherence to a 21-day oral-dose regimen may be difficult for some patients starting an LAI medication. Nonadherence rates are notably high for oral antipsychotics, 11 with reported rates of partial or complete lack of adherence to antipsychotic medications as high as 25% within the first 10-14 days after hospital discharge. 12 Indeed, it is often the patients who fail to adhere to oral antipsychotic medication who are candidates for LAI treatment. 13 Obviously, these individuals may continue to struggle with adherence to even a short, 21-day oral aripiprazole supplementation regimen after their first AL injection. Consequently, these patients may benefit from an AL initiation regimen that provides relevant plasma aripiprazole levels early in the course of therapy, without the need for extended oral supplementation. This paper describes a new strategy for starting AL therapy as an alternative to the 21-day oral aripiprazole supplementation that was the only option available when AL was initially approved for use by the US Food and Drug Administration. The clinical goal for embarking on this strategy was to reduce the time needed for oral supplementation to a single-day initiation of AL while providing plasma levels of aripiprazole that were comparable to those observed with the 21-day oral aripiprazole initiation regimen. 7 To that end, a more rapidly dissolving formulation of AL, known as Aripiprazole Lauroxil NanoCrystal ® Dispersion (AL NCD ), was developed that requires only a 1-day oral aripiprazole initiation regimen.
Particle size and drug kinetics
A key to the development of an AL formulation that has the specific characteristics needed to bridge the plasma aripiprazole level gap at AL initiation is the relationship between particle size and rate of dissolution. In general, larger particle size is associated with a slower rate of dissolution, as the rate of dissolution is related to the surface area-to-volume ratio for a given particle size. 14 A nanometer-sized particle is 1000 times smaller than a micron-sized particle. Because of this, the surface areato-volume ratio is up to 1000 times larger for a nanometersized particle than for its micrometer counterpart.
This net result is that a drug formulated with a smaller particle size has a different plasma concentration profile over time, or kinetics, than one with larger particle size. 14, 15 The observed kinetic profile that results with AL NCD is characterized by a faster rise in plasma drug levels after administration, earlier peak plasma levels, and a shorter half-life than a formulation with a larger particle size ( Figure 2 ). Manipulation of particle size to achieve specific kinetic profiles is a well-known strategy and was employed to develop the 3-month formulation of paliperidone palmitate (PP3M) (Invega Trinza ® , Janssen Pharmaceuticals, Inc., Titusville, NJ, USA). In that example, a larger particle size was created from the 1-month formulation (PP1M) (Invega Sustenna ® , Janssen Pharmaceuticals, Inc., Titusville, NJ, USA) to facilitate slower release with PP3M. 16 Peak plasma drug levels are observed at 30-33 days post-injection for PP3M compared with approximately 7-8 days post-injection for the smaller particle PP1M formulation. 16, 17 The aim in developing a new AL initiation regimen, therefore, was to design an AL formulation with a smaller particle size that provided faster kinetics suitable for bridging the AL plasma aripiprazole gap with only a single 30 mg dose of oral aripiprazole, while replicating the kinetics of the original 21-day oral initiation regimen.
Development of a 1-day initiation regimen
The newly developed formulation is a NanoCrystal Dispersion of AL (Aristada Initio ® ), which contains the same prodrug that is in AL, but with nanometer-sized particles instead of micrometer-sized particles. 7 A comparison of the original AL formulation with the new AL NCD formulation is presented in Table 1 . The smaller particle size of AL NCD results in faster dissolution of the drug than with AL, and administration of AL NCD was therefore expected to be associated with an earlier rise in plasma aripiprazole levels than with AL. The kinetics of AL NCD were investigated to determine whether this new formulation could provide an earlier rise in plasma aripiprazole levels (than AL) with adequate levels sustained over time such that it could be used in place of the 21-day oral-dose bridging regimen otherwise required for initiating AL therapy. Plasma levels may vary from patient to patient administered the same dose of a single drug formulation, but population model-based simulations can be used to simulate average plasma levels over time for a population by aggregating numerous plasma concentrations collected after drug administration in multiple studies of drug kinetics. To characterize the kinetics of aripiprazole in plasma after AL NCD administration and to determine whether the new AL formulation could offer an alternative to the oral bridging regimen, observed data and population model-based simulations were used to predict plasma drug levels after administration of AL NCD , AL, or oral aripiprazole (Alkermes, Inc., data on file. Waltham, MA, USA; 2017). 15 Model-based simulations of plasma levels over time are compared for AL NCD and AL in Figure 3 (a). As expected based on particle size, plasma aripiprazole levels rise more rapidly after a single injection of AL NCD vs. AL. After initial AL injection, predicted plasma aripiprazole levels rise slowly to peak at approximately 7-8 weeks, which is consistent with observed kinetics study results. 9 In contrast, plasma aripiprazole levels are predicted to rise rapidly during the first week after an AL NCD injection and peak at approximately 3-4 weeks (approximately 27 days after the AL NCD injection based on observed follow-up aripiprazole levels 7 ). However, although aripiprazole appears more rapidly in plasma after administration of AL NCD than AL, the rise is still slower with AL NCD than with oral aripiprazole. 18 A comparison of plasma aripiprazole levels associated with AL NCD vs. a single 30 mg dose of oral aripiprazole shows that, after administration of AL NCD , a small but clinically significant gap in coverage remains (Figure 3(b) ). These results indicate that a single AL NCD injection thus could cover most, but not all, of the gap in plasma aripiprazole levels at AL initiation than the 21-day oral aripiprazole supplementation regimen bridges. The solution to this problem of the first week "shortfall" of aripiprazole levels after AL NCD injection came from pharmacokinetic modeling. It turned out that adding a single 30 mg dose of oral aripiprazole on day 1 was what was needed. Thus, giving a single injection of AL NCD along with a single 30 mg dose of oral aripiprazole on the same day would provide an equivalent duration of relevant aripiprazole levels as giving 21 days of oral aripiprazole at 15 mg/day. This concept, illustrated in Figure 3 (b), suggests that adding a single 30 mg oral dose of aripiprazole at the time of the AL NCD injection will fill the aripiprazole plasma concentration gap associated with the initiation of AL treatment. Population modelbased simulations showed that, when one 30 mg dose of oral aripiprazole was given at the same time as the AL NCD dose, plasma levels rose earlier and relevant levels were attained approximately a week earlier than in simulations without the oral aripiprazole dose (Alkermes, Inc., data on file. Waltham, MA, USA; 2017). These results demonstrate that the AL NCD injection and a single 30 mg dose of oral aripiprazole together provide the profile of plasma aripiprazole levels over time needed for an effective 1-day initiation of AL treatment.
Observed and simulated plasma aripiprazole levels were used to examine how the individual components (i.e., the single injection of AL NCD þ a single 30 mg oral dose of aripiprazole, together with the starting dose of AL) contribute to plasma aripiprazole levels through the first 8 weeks of AL therapy (Alkermes, Inc., data on file. Waltham, MA, USA; 2017). As shown in Figure  3 (c), the kinetic profile of the combined administration of the two-component initiation regimen (i.e., AL NCD þ a single 30 mg dose of oral aripiprazole) with the first dose of AL reflects the additive, time-dependent result of all underlying components. The single dose of oral aripiprazole primarily contributes to plasma aripiprazole levels at the earliest time points, beginning on the day of injection. This is followed by the contribution from the AL NCD injection, which peaks at approximately 27 days. Aripiprazole exposure from the AL starting dose then predominates after the initiation period. The timing of aripiprazole release from the three sources results in sustained plasma exposure, rising rapidly in the first few days and lasting until the next scheduled AL injection. Continuous coverage is provided with no need for further oral antipsychotic supplementation and without producing excessive plasma aripiprazole levels.
The direct test of the 1-day AL initiation regimen vs. 21 days of oral supplementation: exposure, safety, and tolerability
To determine whether the 1-day initiation regimen is comparable to the 21-day regimen, a phase 1, doubleblind, placebo-controlled study in adult patients with schizophrenia initiating AL therapy was carried out to assess the kinetics, safety, and tolerability of the two regimens. 19 The four-arm study compared the 1-and 21-day AL initiation regimens for two individual AL doses (441 or 882 mg administered monthly) as illustrated in Supplemental Figure 1 . Patients assigned to the 1-day initiation regimen received a single AL NCD injection given intramuscularly and a single 30 mg dose of oral aripiprazole administered together on day 1 and then received an oral placebo on days 2-21. Patients assigned to the 21-day initiation regimen were administered oral aripiprazole (15 mg/day) on days 1-21, with a placebo injection on day 1. Both 1-and 21-day initiation regimen groups were administered a single injection of AL (441 or 882 mg) on day 1.
Plasma aripiprazole levels were measured through the 21-day AL initiation period and then for 4 months afterward, and safety was monitored throughout the study with collection of adverse events (AEs). A total of 161 patients participated in the study. Their baseline demographic and clinical characteristics are shown in Supplemental Table 1 . 19 Figure 4 shows study patients' mean plasma aripiprazole levels for 28 days after administration of the 1-day vs. 21-day AL initiation regimens and first AL dose (Figure 4(a) , AL 441 mg groups; Figure 4 (b), AL 882 mg groups). The comparison between initiation regimens demonstrates that the 1-day initiation regimen of AL NCD þ a single 30 mg dose of oral aripiprazole results in rapid achievement of plasma aripiprazole levels comparable to the 21-day 15 mg/day oral aripiprazole initiation regimen and that aripiprazole levels persist through the first month after treatment initiation. Total aripiprazole exposure (the area under the curve) was also similar for the 1-and 21-day initiation regimen groups 19 (Supplemental Figure 2 and Table 2 ). Moreover, the two initiation regimens were noted to have comparable peak aripiprazole exposures (Supplemental Figure 3 and Table 2 ). Importantly, plasma aripiprazole levels observed for the 1-day regimen in this study fell within the range of levels associated with significant improvement in schizophrenia symptoms in the pivotal AL 12-week efficacy study. 4, 19 The safety profile of the 1-day initiation regimen was comparable to that of the 21-day initiation regimen and consistent with the known safety profile of aripiprazole and AL. 19 AE rates were similar between patients in the 1-and 21-day initiation regimens (Supplemental Table 3 ). The incidence of akathisia, an AE associated with oral aripiprazole treatment, 20 was relatively low (5% for the 1-day initiation regimen and 2.5% for the 21-day initiation regimen). There was no difference in severity of akathisia between the 1-and 21-day regimens. Injection site reactionsmost commonly injection site painwere reported by 17.5% of patients who received AL NCD and 6.2% of patients who received placebo injections.
Using the 1-day initiation regimen in clinical practice
A new 1-day initiation regimen for AL has been developed using AL NCD and a single oral 30 mg aripiprazole tablet. Each component of the 1-day regimen is needed, and these can both be given on the same day as the first dose of AL. There now are two ways to start AL therapy: either with 21 days of oral aripiprazole supplementation (15 mg/day), or, using the 1-day initiation regimen of a single injection of AL NCD and a single 30 mg dose of oral aripiprazole instead. Data demonstrate that the 1-day initiation regimen may be used with any of the approved AL dosing regimens (441, 662, 882 mg q4 weeks; 882 mg q6 weeks; and 1064 mg q8 weeks) and provide relevant aripiprazole levels rapidly that are sustained for up to 2 months. 15 The components of the 1-day regimen have complimentary kinetic profiles that together produce plasma aripiprazole levels that rise rapidly and remain sufficiently elevated until plasma aripiprazole levels from the second AL dose are sufficient (Alkermes, Inc., data on file. Waltham, MA, USA; 2017). The oral aripiprazole supplementation within the 1-day regimen is associated SIZE MATTERS: IMPORTANCE OF PARTICLE SIZE  with the early rise in plasma aripiprazole that allows rapid achievement of relevant levels. The relatively rapid delivery of aripiprazole from the nanometer-sized AL NCD particles (vs. micrometer-sized AL particles) allows appropriate aripiprazole levels to be maintained until aripiprazole contributed by AL itself reaches target plasma levels. The double-blind, placebo-controlled, phase 1 study demonstrated that the kinetics of the two components of the new regimen replicate those of the 21-day oral regimen.
Based on these data, AL NCD , in combination with oral aripiprazole, has been approved by the US Food and Drug Administration and is available as a single-dose strength of 675 mg. 21 The approved regimen, an AL NCD intramuscular injection administered together with a single 30 mg oral dose of aripiprazole, offers a 1-day AL initiation alternative to the original initiation strategy that required oral aripiprazole supplementation lasting 21 days. 21 Although the 1-day initiation regimen was designed to be administered together with the first AL dose, AL NCD maintains target plasma aripiprazole levels long enough to allow the first AL dose to be administered up to 10 days after the 1-day AL NCD þ 30 mg oral aripiprazole initiation regimen. 15, 21 AL NCD is approved for use only as a single dose in the AL initiation regimen and not for repeated dosing. 21 Prior to the approval of AL NCD , the only option for initiation of AL therapy was to prescribe 21 days of concomitant oral aripiprazole to provide relevant plasma levels during the slow dissolution of the AL dose. 7 The availability of two options for initiating AL therapy, each offering different advantages, allows the clinician to choose the regimen best suited to the individual patient ( Table 2 ). The 21-day oral supplementation regimen for AL initiation requires one fewer injection than does the 1-day AL initiation regimen; the 1-day initiation regimen, however, can be administered by the clinician in a single office visit. In addition, the 21-day AL initiation regimen should be used in patients who are cytochrome P450 (CYP) 2D6 poor metabolizers, in patients taking strong CYP 2D6 and/or CYP 3A4 inhibitors, and in patients taking strong CYP 3A4 inducers, whereas the 1-day AL initiation regimen using AL NCD should be avoided because no dose adjustment is possible for AL NCD . By eliminating the need for extended oral supplementation, the use of AL NCD þ a single 30 mg dose of oral aripiprazole reduces pill burden and removes a potential barrier to adherence during initiation of AL therapy. 22 Regardless of the regimens used, the two initiation options are comparable in terms of the plasma aripiprazole levels provided to bridge the gap at AL initiation, and the safety and tolerability of the two regimens are similar and consistent with the known profile of aripiprazole. 19 Conclusion AL NCD was developed to provide a rapid increase in plasma aripiprazole levels for a new, 1-day AL initiation strategy that is used in conjunction with the first dose of In accordance with prescribing information, patients naive to aripiprazole must establish tolerability to aripiprazole before starting AL. Do not use either initiation regimen as a method for prior exposure Safety and tolerability The safety profile of the 1-day initiation regimen is generally comparable to that of the 21-day initiation regimen and consistent with the known safety profile of AL AL, aripiprazole lauroxil; AL NCD , Aripiprazole Lauroxil NanoCrystal ® Dispersion; IM, intramuscular.
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AL. An AL NCD injection administered together with a single 30 mg dose of oral aripiprazole composes a 1-day regimen that results in rapid achievement of aripiprazole levels comparable to the 21-day oral aripiprazole initiation regimen. Treatment with AL NCD , in combination with a single 30 mg dose of oral aripiprazole dose and the starting dose of AL, was well tolerated in adult patients with schizophrenia. An initiation regimen for AL that uses one injection of AL NCD plus a single 30 mg dose of oral aripiprazole offers a 1-day alternative to the 21-day oral aripiprazole bridging strategy for initiating treatment with AL.
